OBJECTIVE-We examined surveillance data to describe the epidemiology of tuberculosis (TB) among healthcare workers (HCWs) in the United States during the period 1995-2007.
Additional goals were to compare demographic characteristics and treatment outcomes of reported TB cases among HCWs and other adults and to compare US-born and foreign-born HCWs.
METHODS
This study describes new analyses of existing data routinely submitted to the Centers for Disease Control and Prevention through the National Tuberculosis Surveillance System. These data are collected for the purposes of disease surveillance and not human subject research that requires ethical institutional board review. TB cases were reported by the 50 states and the District of Columbia. Data were collected on a standardized form that included demographic, laboratory, clinical, and treatment outcome information.
We calculated the proportion of TB cases reported during 1995-2007 that occurred in persons 18 years of age or older whose occupations were categorized as "healthcare worker." Data for treatment outcomes were analyzed only through 2005 to provide a 2-year period to complete reporting. To calculate an annual TB incidence rate among HCWs, we used the US Census Bureau Current Population Survey's estimate for the denominator of HCWs in the United States for 2003-2007. 8 Estimated numbers of HCWs in the United States were not available before 2003.
Persons were considered to be foreign born if the reported country of birth was outside the United States or its jurisdictions in the Pacific and Caribbean. Method of TB treatment was recorded as (i) directly observed therapy (DOT), (ii) self-administered therapy, (iii) a combination of self-administered therapy and DOT, or (iv) unknown. DOT, an adherenceenhancing strategy in which a HCW or other trained person watches a patient swallow each dose of medication, is the standard care for all patients with TB disease and is a preferred option for patients treated for LTBI in the United States, when feasible. [9] [10] [11] Persons were classified as having a previous diagnosis of TB if they had verified TB in the past, had completed TB therapy, or were lost to supervision for more than 12 months and had verified TB again. The proportion of human immunodeficiency virus (HIV)-infected persons was calculated as a percentage of the total number of persons with test results reported (ie, negative, positive, or indeterminate). The number of persons documented as having refused an HIV test was also reported; others were classified as HIV status unknown (ie, HIV test not offered or result not reported).
Unadjusted odds ratios (uORs) were used to compare characteristics of HCWs who had TB with those of other adults who had TB and to compare characteristics of US-born HCWs who had TB with characteristics of foreign-born HCWs who had TB. Data were analyzed with SAS for Windows, version 9.1 (SAS Institute), and Microsoft Excel 2003 (Microsoft).
RESULTS
During the period 1995-2007, of the 200,744 TB cases involving patients 18 years of age or older, 6,049 (3%) were classified as HCWs (mean of 429 HCWs with TB per year). Using the US Census Bureau population estimates for HCWs for 2003-2007 (ie, an annual average of 1.8 million male and 7.0 million female US-born HCWs and 400,000 male and 1.1 million female foreign-born HCWs), 8 the estimated overall annual incidence of TB for HCWs was 4.2 cases per 100,000 population (range, 3.8-4.6), similar to the overall national TB case rate of 4.4-5.1 cases per 100,000 population during the same time period. 12 However, the estimated annual incidence of TB among foreign-born HCWs was approximately 10 times higher than the incidence among US-born HCWs. Among male HCWs, the TB incidence rate was 2.3 cases per 100,000 US-born persons and 21.4 cases per 100,000 foreign-born persons; among female HCWs, the TB incidence rate was 1.6 cases per 100,000 US-born persons and 16.6 cases per 100,000 foreign-born persons. Nationally, the TB case rate ranged between 20.7 cases and 23.5 cases per 100,000 foreign-born persons during 2003-2007. 12 
HCWs Who Had TB Compared with Other Adults Who Had TB
Characteristics of persons with TB according to HCW status are summarized in Table 1 Clinical features of TB were similar among HCWs and other adults who had TB. Of those with reported initial drug-susceptibility results, HCWs had slightly higher percentages of isoniazid monoresistant TB (10% compared with 8% of other adults) and multidrug-resistant TB (2% compared with 1%); these differences were not statistically significant. Fewer HCWs (34%) were reported to have received all doses of TB medication by DOT, compared with 47% of other adults with TB (Table 1) .
Foreign-Born HCWs Who Had TB Compared with US-Born HCWs Who Had TB
Of the 6,049 HCWs reported to have TB during those 13 years, 3,302 (55%) were foreign born. Of those, 67% were women, and 56% were Asian (Tables 1 and 2) From 1995 through 2007, the proportion of foreign-born HCWs with TB increased from 42% to 71%. Meanwhile, among all TB cases, the proportion of cases among foreign-born persons increased annually from 35% to 58%. 12 Compared with US-born HCWs who had TB, foreign-born HCWs who had TB were more likely to have isoniazid monoresistant TB (uOR, 2.1 [95% CI, 1.7-2.7]), have extrapulmonary TB (uOR, 1.5 [95% CI, 1.3-1.7]), and complete TB treatment (uOR, 1.3 [95% CI, 1.1-1.6]; Table 2 ).
The top 3 countries of birth for foreign-born HCWs with TB in the United States were Philippines (32%), India (15%), and Haiti (6%), which represented 53% of all foreign-born HCWs with TB ( Figure 1) , whereas only 21% of other foreign-born adults with TB were from those 3 countries combined. In contrast, during this time period, the top countries of birth for all foreign-born persons with TB in the United States were Mexico (24%), Philippines (11%), and Vietnam (10%). 12 The median number of years that foreign-born HCWs had resided in the United States was 7 (range, 0-64). Approximately 7% of foreign-born HCWs received a diagnosis of TB within 6 months of arrival to the United States; 18% received a diagnosis within the first year after arrival, 25% within 2 years after arrival, and 43% within 5 years after arrival. In stratified analysis comparing foreign-born Asian HCWs with other foreign-born HCWs, extrapulmonary TB was reported for 46% of foreign-born Asian HCWs, compared with 23% of other foreign-born HCWs.
DISCUSSION
Although the rate of TB among HCWs was similar to the national rate, consequences in the workplace can be severe when HCWs have TB because of the vulnerable populations that they serve. These findings enable additional understanding of TB among HCWs in the United States and highlight the importance of maintaining a high index of suspicion for TB disease, especially among foreign-born workers, and of providing interventions to diagnose and treat LTBI among HCWs.
Despite the 2005 estimate that only 15% of HCWs in the United States were foreign born, 13 the estimated annual incidence of TB was approximately 10 times higher among foreignborn HCWs during 2003-2007 than among US-born HCWs, and more than half of all TB cases among HCWs during 1995-2007 occurred among foreign-born persons, which reflects the growing number of TB cases among foreign-born persons in the United States. 12, 14 Overall, during this time period, 11%-12% of foreign-born persons with TB were from Philippines. That percentage is in contrast to the 32% of foreign-born Filipino HCWs in this analysis, although consistent with the high proportion of foreign-born HCWs in the United States from Philippines. 15, 16 In 2000, almost 40% of internationally trained nurses in the United States were Filipino. 16 In 2005, Philippines reported a TB incidence rate of 291 cases per 100,000 persons. 17 Findings of our stratified analysis were also consistent with several studies that suggested that, compared with the general population, foreign-born persons, including HCWs, and specifically South Asian HCWs, were more likely to have extra-pulmonary TB than pulmonary TB. [18] [19] [20] [21] The findings in this report are subject to a number of limitations. Seven percent of the 1995-2007 TB cases had missing data for occupation, and data were incomplete for other variables; HIV test results and treatment outcomes were missing for 37% and 8% of all HCWs, respectively (Table 1 ). However, completeness of reported TB data improved throughout the study period. For example, in 1995, 45% of all reported TB cases were missing information on HIV status; in 2007, 23% had missing HIV data. Also, for the years included in this analysis, the National TB Surveillance System did not collect the specific occupation, duration of employment in healthcare, or type of healthcare facility, nor did it collect previous diagnosis or treatment of LTBI.
In 2009, the National TB Surveillance System was modified to include LTBI history and, for foreign-born individuals, immigration status. This additional information could provide a better understanding of which interventions may improve diagnosis and treatment of LTBI among foreign-born HCWs before or soon after entry into the United States. In general, only 
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Author Manuscript individuals entering the United States as immigrants or refugees are subject to a TB screening before entry. 22 Of the foreign-born HCWs in this analysis, 25% received a diagnosis of TB within 2 years after arrival to the United States, which suggests that infection was acquired before entry rather than within the United States, which is a finding consistent with other studies. 23, 24 According to the reported data, HCWs were less likely than other adults with TB to have received all doses of treatment by DOT. DOT has multiple benefits, including maximizing the likelihood of treatment completion, preventing development of drug-resistant disease, and providing an opportunity to identify possible adverse effects of the medication. Providing DOT for HCWs at their work site has been an effective option for ensuring HCWs complete treatment for TB disease and, when possible, for LTBI. 5, 10 Identifying and treating LTBI is critical to preventing TB disease in this occupational group, but HCWs appear to be less likely to accept treatment for LTBI. [25] [26] [27] Healthcare institutions, especially those associated with a high risk for TB exposure, 10 may benefit from an intensified approach to TB education and screening of HCWs upon hire, particularly foreign-born workers, and from encouraging completion of treatment for LTBI, if indicated. Such strategies have been associated with cost savings. 28 National guidelines recommend that HCWs who may be exposed to TB at the workplace be screened for TB disease symptoms and receive a tuberculin skin test or an interferon γ release assay blood test for TB infection annually. 10 Strengthening TB prevention and control in healthcare settings will protect HCWs from TB, which will in turn protect patients and the community and further our progress toward the goal of TB elimination in the United States.
ACKNOWLEDGMENTS
We thank the healthcare providers and all state and local health departments throughout the United States whose staff collected and reported the data that made these analyses possible. We thank Ryan Wallace from the Centers for Disease Control and Prevention for assistance with data analysis and Tom Navin, MD, also from the Centers for Disease Control and Prevention, for valuable insight into the manuscript.
Financial support. The Centers for Disease Control and Prevention. 
